Abstract Mortalin is a stress chaperone belonging to the Hsp70 family of proteins. Frequently enriched in cancers, it is a multifunctional protein and regulates cell proliferation, apoptosis, mitochondrial functions, and the activity of tumor suppressor protein p53. In the present study, we investigated circulating mortalin and its autoantibody in normal, cirrhosis, and cancerous liver. We found that although mortalin is enriched in liver cancer cells and tumors, it is not detected in the serum of either the liver cirrhosis or cancer patients. In contrast, mortalin autoantibody was detected in patients' sera and showed significant correlation with the occurrence of cirrhosis. It is suggested as a potential noninvasive marker for liver cirrhosis.
Introduction
Liver cirrhosis is an advanced and irreversible stage of liver dysfunction in which liver tissue is replaced by fibrosis (extracellular matrix) as a result of alcoholism, hepatitis, fatty liver, or other chronic etiologic factors. It is frequently associated with life-threatening pathologies including hepatic encephalopathy, hypertension, esophageal bleeding, hepatorenal syndrome, portal hypertensive gastropathy, chronic liver infections, and hepatocellular carcinoma (Lefton et al. 2009) . Chronic viral hepatitis is the major cause of cirrhosis, especially HBV infections in Asia-Pacific region and sub-Saharan Africa, and has been tightly linked to HCC pathogenesis (ElSerag 2011 ). An early detection of cirrhosis may offer patients effective therapeutic options and lower the HCC incidence and mortality rate. Furthermore, liver biopsy, a common invasive method for definitive diagnosis and grading of liver fibrosis, is limited by factors including surgical complexity, high cost, and incompatibility with the disease follow-up regime. In this regard, noninvasive serum markers and imaging techniques are critical to address those high unmet medical needs, which have hence been under rapid development to serve as convenient tools for early diagnosis of the disease and to evaluate treatment outcomes.
Noninvasive circulating biomarkers of liver cirrhosis can be divided into two classes (Jarcuska et al. 2010) . Class I biomarkers include serum proteins associated with the process of fibrogenesis signifying increased synthesis of extracellular matrix proteins. Class II biomarkers reflect status of liver dysfunction/structural damage. Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) are the two class II markers routinely used for staging fibrosis (Holmberg et al. 2013 ) that are usually combined to create a scoring system based on various statistical models. A panel of biochemical markers (also called FT-AT (FibroTest ActiTest) score) was found to have high diagnostic value for fibrosis and necroinflammatory histological activity in liver injury in patients with chronic hepatitis C (Poynard et al. 2004) . It was reported that in addition to bilirubin, creatinine, and MELD (Model for End-Stage Liver Disease) score, serum cholesterol level is a significant and independent predictor of mortality of cirrhotic patients (Janicko et al. 2013) . Addition of cholesterol to the MELD score improved prediction accuracy by 3 %. Similarly, addition of serum cholesterol level to a prognostic model considering bilirubin, creatinine, and INR (a measure of clotting tendency of blood) increased accuracy by 4 %. Very often, liver cirrhosis has been linked to inflammation and oxidative stress signaling (Brenner et al. 2013) , suggesting that the stress proteins may serve as useful diagnostic markers as well.
Mortalin is a member of heat shock 70 family proteins that is enriched in human cancers (Dundas et al. 2005; Lu et al. 2011a, b; 2011a; Wadhwa et al. 2006) . Several studies have shown significance of upregulated mortalin in hepatocellular carcinoma (HCC). The expression level of mortain showed significant correlation with cancer metastasis and disease recurrence even after curative therapies (Lu et al. 2011a; Wadhwa et al. 2006; Yi et al. 2008) . On the other hand, hepatotoxicity induced by 2,3,7,8-tetrachlorodibenzo-p-dioxin caused increase in heat shock proteins (Hsp27, alpha Bcrystallin, Mortalin, Hsp105, and Hsp90s) in rat liver (Kim et al. 2012) . Rozenberg et al. have demonstrated the presence of mortalin in the serum of colorectal cancer patients. A high level of serum mortalin (>60 ng/ml) was predicted as a risk factor for shorter survival (Rozenberg et al. 2011 ). In the present study, we investigated the presence and diagnostic value of circulating mortalin protein and mortalin autoantibody in serum samples from liver cirrhosis and HCC.
Material and methods
Patients and samples Blood samples were obtained from 25 healthy liver donors, 16 cirrhosis patients, and 100 HCC patients (stage I-IV, each stage had 25 patients) by peripheral venous puncture. Blood was collected into the tubes (without any anticoagulant) and was immediately (within an hour of collection) centrifuged at 3000 rpm for 10 min, and the serum (the upper layer) was aliquoted and stored in −80°C for future batch analysis. The study was performed according to guidelines approved by the Institute Ethical Committee of the University of Hong Kong, and all the samples were collected with signed consent from patients.
ELISA for mortalin and mortalin autoantibody The levels of circulating mortalin and mortalin autoantibody in the serum were measured by sandwich ELISA, using anti-mortalin polyclonal antibody (Santa Cruz Biotechnology, Inc., CA) and monoclonal antibody (clone 37-6, generated in our laboratory). The levels were quantitated by plotting against the standard curve with purified antigen control of recombinant fulllength mortalin protein. Anti-mortalin monoclonal antibody was coated on a 96-well ELISA plate (Corning Incorporated, NY) for overnight at 4°C. Plates were washed with phosphate buffered saline (PBS) and blocked with 1 % BSA for 1 h. Serum (25 μl) or purified recombinant mortalin protein (100 ng) diluted in 100 μl PBS was incubated for 2 h followed by incubation with anti-mortalin rabbit polyclonal antibody (H-155, Santa Cruz, CA). After washing away any unbound proteins, secondary peroxidase-linked goat antirabbit IgG antibody was added and incubated at 37°C for 2 h. The color was developed by incubation with ABST substrate (Invitrogen, CA) for 20 min. Optical density (415 nm) was measured by a microplate reader (Bio-Rad, CA). A standard curve showed that the detection sensitivity was 6.125 ng mortalin/ml.
For mortalin autoantibody detection, purified mortalin protein (50 ng/100 μl coating buffer) was coated on a 96-well ELISA plate (Corning Incorporated, NY) for incubation at 4°C overnight. After PBS washings, the plates were blocked with 1 % bovine serum albumin. Serum samples (25 μl diluted in 100 μl of PBS) were incubated for 2 h followed by washing with PBS and incubation with secondary peroxidase-linked goat anti-rabbit IgG antibody at 37°for 2 h. The color was developed by incubation with ABST substrate (Invitrogena, CA) for 20 min, and the optical density (415 nm) was measured by an ELISA plate reader (Bio-Rad, CA). Each measurement was made in duplicates for both assays.
Statistical analysis All statistical analyses were calculated by the Statistical Package for Social Science (SPSS for Windows, version 16; Chicago IL). The continuous data were presented as mean (±SEM). Categorical data were analyzed via Pearson's exact test or Fisher's exact test, whereas an independent t test was used for continuous data. One-way ANOVA analysis was applied for comparison of more than two groups. P<0.05 was considered as a statistically significant. Receiver operating characteristic (ROC) curve were performed to determine the area under the curve (AUC).
Results
Circulating mortalin in cirrhosis and HCC patients In order to detect circulating mortalin in serum samples of liver cirrhosis and cancer patients, we performed mortalin specific ELISA. Demographic and clinical characteristics of patients and control subjects are shown in Table 1 . As shown in Fig. 1a , serum mortalin level showed no significant difference in normal, cirrhosis and HCC samples. We next examined the level of mortalin in the serum of patients with HCC, stages I to IV (Fig. 1b) . No significant difference was observed across different disease stages. Likewise, there was no significant difference observed between the HCC patients, with or without cirrhosis (Fig. 1c) . These data suggested that the circulating mortalin is not a sensitive biomarker for cirrhosis and/or HCC.
Circulating mortalin autoantibody in cirrhosis and HCC patients We next examined mortalin autoantibody in healthy, cirrhosis, and HCC patients. As shown in Fig. 1d , there was a significantly higher level of mortalin autoantibody in cirrhosis as compared to the healthy and HCC controls (P<0.001). On the other hand, amongst the 100 HCC samples that were categorized in four HCC stages, mortalin autoantibody did not show any significant difference (Fig. 1e ). We thus examined the level of mortalin autoantibody in patients with cirrhosis and HCC. We found that the cirrhosis patients possess higher level of mortalin autoantibody as compared to the patients with HCC only (P<0.001) (Fig. 1f) . These data suggested that mortalin autoantibody is a potential candidate marker to detect liver cirrhosis.
Comparison of serum mortalin autoantibody level and liver fibrosis markers for detection of liver cirrhosis
In light of our above finding that the level of mortalin autoantibody in liver disease patients significantly correlated with the presence of cirrhosis disease stage, the receiver-operating characteristic curve was constructed to visualize the relationship between sensitivity and specificity of mortalin autoantibody for predicting the presence of cirrhosis (Fig. 1g-j) . The area under the curve (AUC) reached 0.865 (P<0.001). When using an optimal cutoff value of 0.225 (OD value), the sensitivity and specificity of mortalin autoantibody in determining the occurrence of cirrhosis were 87.5 and 72 %, respectively. To further validate the effectiveness of mortalin autoantibody in cirrhosis diagnosis, we compared mortalin autoantibody to certain current class I circulating liver fibrosis markers, such as hyaluronic acid etc. The AUC value, sensitivity, and specificity of commonly reported liver fibrosis class I markers are presented in Table 2 . These markers were sequenced by the decrease of AUC value, which implies perfect forecast when the AUC=1. Table 2 shows that mortalin autoantibody has the highest AUC value (AUC= 0.865) and the sensitivity and specificity were better than most of the known liver fibrosis candidate markers. This analysis indicated that mortalin autoantibody could be an attractive diagnostic marker of cirrhosis.
Discussion
Mortalin is a multifunctional stress chaperone and is present in wide subcellular localizations ranging from mitochondria, endoplasmic reticulum (ER), cytosol, cell surface, and nucleus (Ran et al. 2000; Wadhwa et al. 2002) . It is enriched in a variety of cancers (Dundas et al. 2005; Lu et al. 2011a, b; 2011a; Wadhwa et al. 2006; Yi et al. 2008; Ando et al. 2014; Klaus et al. 2014; Ryu et al. 2014) . Mortalin has also been detected in the serum of colorectal patients, suggesting it as a general cancer diagnostic marker (Rozenberg et al. 2011) . In our earlier studies, we reported an upregulation of mortalin in a large variety of cancer cells and clinical samples of HCC (Dundas et al. 2005; Lu et al. 2011a, b; Yi et al. 2008; Klaus et al. 2014; Sane et al. 2014) . Based on these data, we hypothesized that circulating mortalin and mortalin autoantibody might be elevated in serum of HCC patients. However, we found that in spite of highly expressed mortalin in HCC patients and its relation with cancer aggressiveness, serum mortalin and mortalin autoantibodies were not significantly increased in HCC as compared to the normal controls. These data suggested that serum mortalin could be a specific diagnostic marker for colorectal cancers.
We found that mortalin autoantibody is present in significantly high level in serum of liver cirrhosis patients. Autoantibody is generated by the immune system in response to the foreign protein or substance within the body. Although the precise causes of autoantibody production varied and not very well understood, genetic predisposition combined with environmental factors has been implicated in this phenomenon. Cell surface mortalin has been shown to bind to the complement 9 and is involved in membrane attack complex (MAC) vesiculation, which contributes to cell resistance to MAC-induced cell membrane damage and cell death (Pilzer and Fishelson 2005) . The membrane distribution of mortalin may facilitate its secretion from the cells and stimulation of the autoantibody production. It is likely that cirrhosis may have a unique configuration of cell surface of mortalin that induces the generation of autoantibody. Although the mechanism of autoantibody synthesis warrants further studies, we demonstrate, for the first time, a diagnostic correlation of serum mortalin autoantibody with cirrhosis in clinical samples. An earlier study on 2-dimensional electrophoresis-based proteomics and Western blot approaches on cystic fibrosis has reported that the mutated cystic fibrosis transmembrane conductance regulator (CFTR) protein leads to induced mortalin overexpression (Gomes-Alves et al. 2010) . The mechanism of involvement of mortalin in fibrogenesis warrants further studies. Nevertheless, in view of the numerous shortages of liver biopsy, inclusion of the serum mortalin autoantibody to the already existing battery of markers may offer an improved and easy diagnosis for liver cirrhosis. Taken together, we demonstrated that the circulating mortalin autoantibody correlates with liver cirrhosis and hence could be a promising serological marker for its diagnosis. Mechanism of mortalin autoantibody and its clinicopathological relevance to liver cirrhosis warrant further studies.
